


One of the cornerstones of Quantum

Fleld Theorg IS localitg

Yet, we suspect not strictlg valid.
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Some questions:

) What is the mechanism for breakdown?

extendedness of strings (branes Lo

2) What is the “corresponcﬂcnce bounclarg”’?

Nonlocal Phenomena
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These c]uestions are clearlg related.

@lsls way to address them is via high~

energﬂ
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E‘.g. is the basic mechanism string extendedness?

Possible Picture in HE scatt:

Long strings
L~ E/M?
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What does this have to do w/BH formation?

| Does lt Pre\/ent’7 (Stromlnger Gross)
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Begin w/tree-level amphtucle: Inigh 5

Astrlng( ) x g F(( t/8) 82—|—t/462—t/4
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To investigate: (s,t) — (E,b) E > Mp

e.g. t~ -1 b~ EQ/D_S (D noncmPctclim5>

In(b)
b
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To Check) include |ooPs:

(f:o”owing Amati, Ciafaloni, Veneziano; Muzinich-Soldate;
SBG, Gross, Maharana)

Ultral*mithi: Eikonal




Thus at Iarge N, string corrections get smaller
Which N dominates?

Can sum eikonal series:

idi s 28/dD_2be_i“°b(eiX(b) — 1)

[ o, g - a2 - n - K . vy - = L A, -
e .-__q-.-'s_-,'r:'l L RE KA AN [ _“.'\-‘ ] R .-',___"l_-_:.,\ Tl A “uE W, e .-.__-"..fll'_!'?'_- -



Eikonal «—— classical scattering

Two Aichelburg—-Sexl shocks (ACV: checks)




Indeed, unexcited (elastic) amplitucle, near

Schwarzschild radius:

daaaia s {_ E(D—4>/<D—3>}




But there is a contrary intuition: string onlg

“sl:)reacls out’ “after” collision??




Where is the string’?

Karliner, Klebanov, Susskind: it clel:)ends
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Scattering N a Plane~wave metric:

de Vega and Sanchez; Horowitz and Steit

*Light cone c]uantization*

ComPute for incoming unexcited string:
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TlﬂUS:

° String appears to behave '”loc:a”y during

collision




Julls suggestecl “Phase cliagram:”
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In K/

Born

e

5 scattermg ,
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2. Perturbation thg aPParentlg breaks down




D Mechanism: no aPParent fundamental role

for string extendedness

A Assuming scattering is finite and unitarg:

umtarxzatlon aPParentlg vna mtrnnsnca”g
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=+ Suggestccl COFF@SPOI’]CICHCC boundarg:

where does CaRELCOE]: break down?

2 part Fock 5P ¢x,p¢y,q|0>

i (mm uncertamt waveackets)

-t - ]
e B g LS 1.-. o2
H FIRLT & [t L - ¥ .-J
R St AR Ve i Rt o g R i A '-;;'H PR -3 Kl
- e e s Sipediak L N S




How does this relate to BH info?

__ Crnter:a/evnclence For locahtg VS. nonlocahtg
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Criteria for localitg, and breakdown

1. Derivable from local QF T
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2 Oy Ol =0 (z -y =0

e There are no local gauge invariant observables in
gravity. (Diffeos)

e One can construct gauge invariant “Proto~|oca|”

observab]es that aPProxmatelg reduce to local

~observables in certain states (SBG, e:wa and Hartle
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3. Bounds/ analgticitg: Froissart; Cerulus-Martin;

Polgnomial boundedness ...

What general Prol:)erties of gravitational

amplitudes can we infer?
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Ti(s,t) = (const) B Z(l O (cos ) e iel 20l o
=0




Some Features:

A. Understand Born, eikonal regions




B. Ansatz for BH region

consequences (tentative)

~ amplitudes aPParentlg obey Cerulus Martin

<COﬂtf‘8f’9 to earller exPectatlons)
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Some comments:

- there exists motivation for such effects, based

on a) aPParent breakdown of Perturbation th9

srinnice slice quantization
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What does AdS/CFT (or matrix thg) say?

Common|9 believed that one has complcte

nonPer’c clescriptions of string theorg

' J-.

~ AAS/ CF‘T need to extract ﬂat sPace Ilmlt
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Cosmologg: de Sitter, etc.

- if complcmentaritg inessential in BHs, there

ShOUlCl also b@ a global PiCtUFC ‘FOF clS

- R LA 4 o | o v » == Bat Ju L™ 1 . i 1 2 ¥ g ot [ Gl
' IlI ma \.l.i. .'.' ) el y Y .l__' II|'..|. o L el [T ko Sl L ] |...ql PP D R e o T ¥ i Ty B Tl 0 B, S C o . Lot T L SRR Y e P e ! LI, T -
oy - i A I L A i e e N b F = { v S e R P e A Ty = a8 T AR ST i ek
k...'!"--__-_i'rl.} ], e T 2 e .,-t R ::: ah = “:""l W "'.-1.'., e e ul s _ﬁ-—-“"—-* a '-!'-'ﬂ'.‘: i et l:l':‘n._-‘-"-l I".r bre | o PR p e My T = i g A .
30 TR o B LD st e R DD O S8 R R LR SR S e e T G A i el Bt T e T CRUTR R N 85 LR Dt 8 Ao na ALy ,
\ - - ) ¥ b - e g " . i PR e 3 X . g



- some Features: ﬁnite number o1c Pert. CIS states

not Violating loc. bd, NoO recurrences:; relational

observation

* aPParcnt limitations to local QF T description of
by t
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Summary

- several considerations (e scattering; observables;

BH information, ...) support breakdown of

conventional |oca|it9

- mechamsm no aPParent role 1Cor strmg
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~ such nonlocality could cxplain how info escapes

black holes (“unitaritg restored at the Price of

|oca|it9”)

- relatecl story For mﬂat:onaly cosmologg,
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